A quantitative capillary assay is described for measuring chemoreception in the neritic and littoral unicellular alga Dunaliella tertiolecta. Lucite chemotaxis plates were used in the assay with 3-,ul capillaries. A Coulter Counter was employed to determine algal cell numbers. D. tertiolecta is attracted to ammonium ion with a maximum positive response at 10-M. Inclusion of calcium and L-methionine in the chemotaxis medium stimulates algal chemoreception, although neither chemical is essential for motility. Attraction of the chlorophyte to ammonium is dependent on time of incubation, cell density, and pH. The optimum pH for attraction was found to be 6.25.
Pfeffer (8) in 1888 used a capillary assay to observe chemotactic responses of bacteria, and Adler (1) adapted and modified the assay to allow for quantitative evaluation of bacterial chemoreception. Lucite chemotaxis plates recently have been designed by Palleroni (7) to facilitate the assay. Armitage et al. (2) developed a rapid quantitative assay for bacterial chemotaxis in which a Coulter Counter was used to measure the percentage of motile bacteria passing through a polycarbonate membrane in a chemotactic response.
We have developed an assay to quantify algal chemotaxis with Palleroni's Lucite chambers. A Coulter Counter was employed to determine the number of algal cells entering microcapillaries filled with solutions of attractant. The motile marine alga Dunaliella tertiolecta was used in the assay. Some of the parameters which affect chemotaxis of the alga are described in this report.
MATERIALS AND METHODS
Algal growth. An axenic culture of D. tertiolecta was provided by R. R. L. Guillard, Woods Hole Oceanographic Institution. The alga was grown in seawater medium enriched with B vitamins, trace elements, glycerophosphate, and urea (modified from [5] added NH4C1 remained constant after 20 min. Thus, 45 min was chosen as a reasonable assay incubation period in subsequent experiments.
The effect of cell concentration on algal chemoreception was determined by diluting a washed algal suspension which initially contained 6 .0 x 106 cells per ml. The diluted samples were incubated with capillaries containing 10-3 M NH4Cl. Figure 3 shows that the number of attracted algae is related to cell density. The total number of cells entering capillaries containing no NH4Cl slowly rises as the population of algae in the chemotaxis chamber becomes more dense. D. tertiolecta suspensions containing 2 x 106 to 3 x 106 cells per ml would certainly be sufficient in most assays, because higher population densities do not give an increased ratio of attracted cells in the test versus control capillaries.
The effect of varying the chemotaxis medium components and the reversible loss of chemoreceptive capabilities induced by the washing procedure are shown in Fig. 4 . The algae were washed as described previously. However, some of the components were omitted from the chemotaxis medium. Assays were performed at 0, 1.5, 2.5, and 3.5 h after washing. In each case the medium in the capillary was the same as that used to wash the cells, except that the capillary contained i0'3 M NH4Cl. As can be seen from 
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The procedure of washing the algal cells apparently was sufficient to temporarily reduce the attraction of D. tertiolecta to NH4'. A period of 3.5 h after the time of washing was not long enough to allow for complete recovery of algal chemotaxis in any of the ASW wash systems. However, full chemotactic potential (the response of unwashed cells-labeled "growth medium" on the figure) was restored within 1.5 h after washing the algae with NSW.
The optimum pH for chemotaxis to 10' M NH4C1 was determined for D. tertiolecta. A population of 2.5 x 106 algae per ml was suspended in the chemotaxis medium buffered at pH 8.5 with 102 M sodium carbonate-sodium bicarbonate. The capillaries were filled with chemotaxis medium adjusted to various pH values with either 10-2 M citric acid-sodium citrate, monoand dibasic sodium phosphate, boric acidsodium borate, or sodium carbonate buffer systems. In this study, the assay plates were incubated for 30 min. Figure 5 shows that the optimum pH for the attraction of D. tertiolecta was (6) and L-methionine (9) can regulate chemotactic behavior in bacteria, and these chemicals also influenced the attraction of D.
tertiolecta to NH4+.
Although much effort has been devoted to the development of assays for bacterial chemotaxis, APPL. ENVIRON. MICROBIOL. we know of no systematic studies that have assessed the parameters which affect chemotactic responses in algae. It has been suggested that chemoreception in bacteria may serve as a simple, but useful, model for sensory responses in more complex organisms (3, 4) . Thus, it becomes of interest to further assess mechanisms of chemotactic behavior in eucaryotic algae and to compare algal chemoreception with bacterial chemoreception.
